Relatively little is known about the mating behavior, and factors that influence the mating behavior, of socially monogamous mammals. We used a combination of behavioral and genetic data to examine the mating tactics of a socially monogamous population of bat-eared foxes (Otocyon megalotis). In contrast to some other canid species, we found no evidence that either sex increased range size or traveling distance during the mating season, demonstrating that neither sex roams widely in pursuit of extrapair copulations. Mated partners maintained close proximity during, and sometimes outside, the mating season, suggesting that females looking to engage with extrapair mates might find it difficult to do so. Consistent with these findings, microsatellite analyses revealed lower levels of extrapair paternity (EPP) than have been reported in other canid species, with only 9.8% of cubs produced outside of the pair-bond. We suggest that the relatively low level of EPP in the bateared fox may be influenced partly by diet and foraging behavior, which makes it easy for males to maintain close proximity to partners and costly for either sex to roam in search of extrapair mates. DOI: 10.1644/09-MAMM-A-046.1.
The high prevalence of paternal care among canids (Asa and Valdespino 1998; Moehlman 1989; Wright 2006) leads to the general prediction of a high degree of paternity assurance (Trivers 1972; Wright 1998) . However, cuckoldry has been confirmed by genetic parentage data for 5 canid species (Baker et al. 2004; Girman et al. 1997; Kitchen et al. 2006; Roemer et al. 2001; Sillero-Zubiri et al. 1996) . In the Ethiopian wolf (Canis simensis) extragroup copulations tend to be more common than within-pair copulations (Randall et al. 2007; Sillero-Zubiri et al. 1996) . Female Ethiopian wolves apparently seek extragroup copulations to avoid inbreeding because habitat shortages reduce dispersal options, which can result in some mated partners being closely related. In the African wild dog (Lycaon pictus) within-pack subordinate males sired 10% of offspring, but extragroup paternity was absent (Girman et al. 1997) . Pack-living gray wolves (Canis lupus) show a similar pattern (vonHoldt et al. 2008) .
Genetic paternity data exist for 3 small canid species, the island fox (Urocyon littoralis), the red fox (Vulpes vulpes), and the swift fox (Vulpes velox). Roemer et al. (2001) found that 25% (4 of 16) of island fox offspring were sired by extrapair males. This is consistent with data showing a 4-fold increase in male range sizes during courtship and mating (Fausett 1982) . In an urban red fox population levels of EPP were so high (.50%) that paired males sired more offspring with extragroup females than they did with their own partners (Baker et al. 2004) . This was correlated with a significant increase in male range sizes of red foxes during the mating period (Voigt and Macdonald 1984; White and Harris 1992) . In swift fox levels of EPP were similarly high, with 52% (10 of 19) of offspring sired by males other than social fathers (Kitchen et al. 2006) . Wayfaring during the mating season by paired males also has been reported in kit fox (Vulpes macrotis- White et al. 2000; Zoellick and Smith 1992) , but no data on paternity exist.
The bat-eared fox is a small (,4 kg) insectivorous canid that usually forms socially monogamous pairs (Lamprecht 1979; Malcolm 1986; Wright 2004 ) but occasionally breeds in small cooperative groups (Maas 1993; Pauw 2000) . Neighboring pairs have been reported regularly in areas of shared range (Lamprecht 1979; Malcolm 1986; Wright 2004) , meaning the potential exists for individuals to assess and engage in extrapair mating. However, because the behavior of partners is well coordinated (Malcolm 1986) , it may be difficult for females to pursue EPCs. Moreover, because males provide substantial care for offspring (Wright 2006) , they might adjust levels of paternal investment according to their confidence in paternity (Wright 1998) , which would increase the cost of infidelity for the females.
We investigated mating behavior in a socially monogamous population of bat-eared foxes in central Kenya. To determine whether males or females roam in search of EPCs we measured the size of individual ranges during and outside the mating season. To assess whether males attempt to guard their fertile partners we collected data on partner proximity and the extent to which each sex is responsible for maintaining proximity during the same time period. Finally, we used microsatellite analyses to establish the paternity of 44 cubs from 15 litters.
MATERIALS AND METHODS
The study was carried out in Laikipia, central Kenya (0u639N, 36u509E) . For details about the study site and capture and handling of adult foxes, see Wright (2006) . Twenty-eight young cubs (,4 weeks old; from 9 litters) were captured by hand, either by reaching inside dens, or attracting them to den entrances by playing a recording of a suckling fox litter. This technique was only used when adults were not at the den, and never led to litter abandonment. An additional 16 cubs were later captured using foothold traps when they were .14 weeks of age (approximately half grown). All cubs were handled without anesthesia. We recorded sex and body mass and collected a small tissue sample from the tip of the tail for DNA analysis. Young cubs and cubs captured near dens were released into dens, but older (.14 weeks of age) cubs captured away from dens were released at trapping sites. Capture and handling of foxes (Wright 2006 ) followed guidelines of the American Society of Mammalogists (Gannon et al. 2007) .
Assessment of range sizes.-We collected home-range data on 7 males and 8 females for determination of 10 male and 10 female home ranges in the 2001 and 2002 breeding seasons. The bulk of the data were collected in 2001. Home-range sizes were calculated based on a minimum of 60 radiotracking fixes collected during the 20 weeks before parturition, using the minimum convex polygon technique in the Animal Movement Extension of ARCVIEW (Hooge and Eichenlaub 1997) . Minimum convex polygons were used because the sensitivity to outlying data points was appropriate for the analysis of extraterritorial movement (Kernohan et al. 2001) .
We tracked foxes using a Telonics receiver (Mesa, Arizona) and a 3-element yagi antenna. Signals were generally detectable from 1 to 3 km, and transmitters had a 12 to 15 month life. Data were collected at night, during normal activity periods (Wright 2004) . To control for the possibility that ranging behavior varied with the time of night, we divided sampling into 3 time blocks (sunset to 2230 h, 2230-0230 h, and 0230 h to sunrise), and collected a similar number of fixes in each period (at least one-fourth of each individual's total). A maximum of 3 fixes was made on any night, with a minimum of 3 h between them. Because we were specifically interested in extraterritorial movement, outliers were excluded only if locations were outside signal detection range (.3 km) based on triangulation.
To establish whether seasonal variation in spatial behavior existed we compared relative range sizes at 3 different stages in the breeding cycle: premating, the 10 weeks before the peak conception date; mating, the period 5 weeks before and after the peak conception date; and gestation, the 10-week gestation period. Relative ranges were calculated using a subset of 30 fixes taken from the original 60 fixes. The principal mating period was defined as the 5 weeks before and after peak conception, which was 3 July 2001 and 21 June 2002 (Wright 2004) . Female fertile periods were calculated by backdating 65 days from parturition date, which defines the gestation length of the bat-eared fox (Lamprecht 1979; Smithers 1983) . If females routinely roamed in search of EPCs, we predicted that relative range sizes would be greater before conception than during gestation. If males roamed, we predicted that their relative range sizes would increase during the mating period but not before their partner's conception date.
Partner proximities and pair-bond maintenance.-During 2002, data on partner proximities and maintenance of pairbonds were collected by observing 4 habituated fox pairs. Three pairs were observed before the mating season, during the mating season, and during gestation. A 4th pair was observed only during the mating and gestation periods. The mating season was defined as 7 June to 7 July by backdating from known parturition dates. Premating data were collected during the 6 weeks before 7 June, and gestation data were collected between 7 July and the parturition date. One animal from each pair chosen at random was observed 3 times during each season giving a total of 9 (n 5 3) or 6 (n 5 1) observation sessions per pair. We observed each pair at most once every 7 days.
During each observation session behavior by the focal individual or pair was recorded 20 times at ,10-min intervals. At the onset of each sighting we instantaneously recorded the proximity of foxes to their partners, and the individual responsible for maintaining proximity with its partner. When both members of a pair were present, partner proximities were estimated visually. When only 1 fox was present, we estimated the distance to its partner 6 100 m based on strength of the transmitter signal. An individual was deemed responsible for maintaining proximity with its partner if both animals were walking and 1 animal was clearly following the other or 1 or both animals were foraging and 1 animal clearly approached within 5 m of its partner. For each of the 35 observation sessions we calculated mean partner proximities and the proportions of the 20 sightings during which males and females were following their partners. If males guarded females, we expected high levels of partner proximity during the mating season and that males would be primarily responsible for maintaining proximity.
Data analyses.-Three statistical tests were used to evaluate variation in home-range size, partner proximity, and time following a partner within and among seasons for both males and females. They were t-test, Z-test, and analysis of variance, which were carried out in in STATA version 8.0 (STATA Corporation 2003) . Unless otherwise noted, all statistical tests were 2-tailed (P , 0.05) and measures of dispersion accompanying means are standard deviations. Before parametric testing proportional data were arcsine-transformed to meet assumptions of normality (Sokal and Rohlf 1995) . Both the home-range and behavioral data included multiple observations from particular individuals or pairs. To account for the lack of independence, we used population-averaged panel-data models (GEE, using xtgee command in STATA version 8.0-STATA Corporation 2003).
Laboratory techniques.-To assess parentage of offspring, genomic DNA was extracted from tissue samples using the QiaAmp DNA blood mini kit (Qiagen, Hilden, Germany). Individuals were genotyped using 7 dinucleotide (Goldstein et al. 1999 ) and 8 tetranucleotide fluorescently labeled microsatellite markers (Guyon et al. 2003 ; Appendix I). One labeled and one unlabeled primer (20 pmol) were added to 50 ng of genomic DNA, 0.2 mM deoxynucleoside triphosphate, 2.5 mM MgCl 2 , 1X DNA reaction buffer, and 0.8 units of Taq DNA polymerase (Promega, Madison, Wisconsin) in a reaction volume of 25 ml. Polymerase chain reaction amplification was performed on an MJ Research PTC 100 Thermal Cycler (Waltham, Massachusetts) under the following conditions: 94uC for 5 min, 30 cycles at 94uC for 45 s, 54-62uC for 45 s, and 72uC for 1 min, and a final extension at 72uC for 5 min. Polymerase chain reaction products were then run on an ABI3700 (capillary system) sequencer (Applied Biosystems Inc., Foster City, California) and genotyped using the GENEMAPPER analysis software (Applied Biosystems Inc.). Our initial analysis in CERVUS 1.0 (Marshall et al. 1998) found no loci typed with allele frequencies significantly different from Hardy-Weinberg proportions; null allele frequencies per locus were minimal (,4%) and heterozygosity levels were high (average 0.64; Appendix I).
Assignment of parentage.-Paternities were examined using the likelihood approach in the program CERVUS 1.0 (Marshall et al. 1998 ). We assigned paternity in the following way. First, when genetic mothers were specified, we ran a restricted CERVUS analysis calculating the probability that social fathers were true parents, which we refer to as the ''social male'' analysis. We then compared the results of this analysis with a 2nd analysis in which the most likely candidate fathers were chosen from the pool of all males sampled, which we term the ''open'' analysis. CERVUS assigns 4 levels of confidence to paternities of potential fathers: strict confidence (95%); relaxed confidence (80%); unresolved (a positive logarithm of the odds [LOD] score indicates the male is more likely to be the father than a randomly chosen male, but paternity is not resolved with confidence); and no support (a negative LOD score indicating the male is less likely to be the father than a randomly chosen male). We considered social fathers to be true parents if they were assigned paternity with strict or relaxed confidence in the social male analysis and chosen as the most likely parent with strict or relaxed confidence in the open analysis. Social fathers with negative LOD scores were unlikely to be the parent and thus were excluded from paternity. In cases where social fathers were assigned paternity with strict or relaxed confidence in the social male analysis but not in the open analysis, we considered paternity to be unresolved. For paternity to be assigned to an extrapair male we required that the social father was not assigned paternity with strict or relaxed confidence in the social male analysis and that an extrapair father was assigned paternity with strict or relaxed confidence in the open analysis. For all other scenarios offspring were considered to have unresolved paternity.
RESULTS
Home-range size and overlap.-During the 5 months before parturition the average home-range size (n 5 10) for 7 males was 3.02 km 2 (range 0.84-6.15 km 2 ). Home-range sizes (n 5 10) for 7 females were slightly smaller, averaging 2.54 km 2 (range 0.72-5.50 km 2 ). Home ranges of males and females did not differ significantly, regardless of whether all data were considered independent (t 18 5 0.84, P 5 0.41), or mean values for repeated individuals were used (t 13 5 0.46, P 5 0.65), or mated partners were compared (2001 data; paired t-tests: t 7 5 1.22, P 5 0.26). The average home-range overlap of males with their partners (n 5 7) was 82.7% (range 66.3-95.8%), and for females it was 90.0% (range 74.0-100%). Mean range overlap for all pairwise combinations of neighboring animals (n 5 32, with 2 values of range overlap for each of the 16 pairwise combinations) was 25.1%, but this varied considerably (range 3.2-70%). Mean percent and standard deviation of home-range overlap was 29.5% 6 25.3% (n 5 10) between neighboring males, 24.9% 6 17.0% (n 5 18) between males and females, and 14.9% 6 10.2% (n 5 4) between neighboring females. We found no significant differences in percent range overlap on the basis of sex of the neighboring animals (F 2,29 5 0.84, P 5 0.44).
Seasonal variation in home-range size.-Mean home-range sizes of males during the different stages of the breeding season were similar ( Fig. 1a; premating 5 2.04 6 0.94 km 2 , mating 5 1.91 6 1.04 km 2 , gestation 5 1.80 6 0.91 km 2 ) and not significantly different (GEE population-averaged model based on 30 observations from 7 groups, Z 5 20.19, P 5 0.20). In no case did individuals increase home-range size during the mating period. Likewise, mean female home-range sizes during different parts of the breeding season were similar ( Fig. 1b; premating 5 1.76 6 0.84 km 2 , mating 5 1.85 6 1.04 km 2 , gestation 5 1.68 6 0.65 km 2 ) and not significantly different (GEE population-averaged model based on 30 observations from 8 groups, Z 5 20.12, P 5 0.9). Further, with the exception of female foxes F16 and F19, we had no cases where individual females had markedly larger range sizes before conception.
Partner proximity and pair-bond maintenance.-When data from the 4 focal fox pairs were combined, we observed no significant differences in partner proximity (proportion of time spent within 10 m of partner) among the premating, mating, and gestation periods (GEE population-averaged model based on 33 observation sessions from 4 groups, Z 5 20.92, P 5 0.36). However, this result masks significant interpair differences (Fig. 2) . Pair proximities measured as the proportion of time partners were within 10 m of each other were significantly higher during the mating season than during premating or gestation for pair B (F 2,6 5 7.42, P 5 0.02) and marginally nonsignificant for pair A (F 2,6 5 4.93, P 5 0.054). In contrast, pairs C and D maintained high levels of proximity premating, the 10-week period before the peak conception date; mating, the period 5 weeks before and after the peak conception date; and gestation, the 10-week female gestation period. For individuals sampled during .1 breeding season, years are given in parentheses.
FIG. 2.-Proximity of bat-eared fox partners from 4 pairs (A-D)
during premating, mating, and gestation periods. Each fox pair was followed 3 times during each period. Proximities are expressed as a percentage of observations within a given distance of separation.
during and outside of the mating season (Fig. 2 ). Seasonal differences in proximity for these pairs were not significant (F 2,6 5 0.1, P 5 0.91 and F 1,4 5 1.19, P 5 0.34, respectively).
For pairs A and B we also found significant seasonal differences in the proportion of time that the males followed their partners (F 2,6 5 8.56, P 5 0.02 and F 2,6 5 14.74, P , 0.01, respectively), and both males increased following rates during the mating period (Fig. 3) . However, only the female from pair A significantly increased following rate during mating (Fig. 3) , suggesting both partners were responsible for the proximity increase (F 2,6 5 8.89, P 5 0.02). For pairs C and D, which maintained high levels of proximity across seasons, comparison of male and female following rates revealed that male C followed significantly more than his partner (paired t-test: t 9 5 2.76, P 5 0.01), but male D did not (t 6 5 21.42, P 5 0.89). Data from pairs B and C were thus consistent with male mate guarding, whereas data from A and D were not. The combined effect of this interpair variation was that, across pairs, no significant seasonal difference in male following rates occurred (GEE population-averaged model based on 33 observation sessions from 4 groups, Z 5 0.14, P 5 0.89).
Paternity.-In the social male paternity analysis social fathers were assigned paternity with strict (95%) confidence for 36 (81.8%) of 44 cubs and with relaxed (80%) confidence for a further 4 (9.1%) cubs (see Appendix II). Three of the remaining 4 cubs (all from the same litter) had social fathers with negative LOD scores, which excluded the social fathers from the paternity analysis. The final cub (F38) had unresolved paternity. Results of the open paternity analysis were broadly similar but with reduced confidence levels (Appendix II). Social fathers were assigned paternity with strict confidence for 27 (59.1%) of 44 cubs and with relaxed confidence for 10 (22.7%) of 44 cubs. In each case the social father was chosen as the most likely father. Of the remaining 7 cubs, 3 (M64, M53, and F60) had social fathers assigned paternity in the 1st analysis but not chosen as most likely parents in the open analysis. None of these cubs had paternity assigned with strict or relaxed confidence to extrapair males. Similarly, none of the 3 cubs whose social father (M27) was excluded from parentage in the 1st analysis had paternity assigned to extrapair males. The final cub, F38, had unresolved paternity and was assigned with 80% confidence to an extrapair male (M22).
Ignoring offspring with unresolved paternities, we define the minimum value of EPP as the proportion of young whose social fathers were not assigned to them or who were excluded as parents. In our study this value of EPP was 4 of 41 or 9.8% of offspring. Alternatively, the maximum upper level of EPP could be approximated as the proportion of offspring for whom social fathers were not definitively assigned paternity, which was 7 of 44 or 15.9% of offspring. Similarly, the minimum proportion of litters containing extrapair young, based on our criteria for definitively excluding paternities, was 2 of 15 or 13.3%, and the maximum estimate assuming all cubs with unresolved paternities were sired by extrapair males was 4 of 15 or 26.7% of litters.
DISCUSSION
Our results show that bat-eared foxes are predominantly monogamous. Of the 41 offspring sampled with resolved paternities, only 4 (or 9.8%) were likely to have been sired by extrapair males. This level of EPP is lower than that reported in island foxes (4 of 16 or 25% of offspring- Roemer et al. 2001) , swift foxes (10 of 19 or 53% of offspring- Kitchen et al. 2006) , and urban red foxes (24 of 30 or 80% of offspring- Baker et al. 2004) . Although the confidence in direct comparisons between these studies is limited because of different methodologies and numbers of cubs and litters sampled, the suggestion is that bat-eared foxes exhibit high levels of mating fidelity.
Consistent with the genetic paternity data, all mated partners maintained high levels of proximity during the mating season, and neither sex altered their spatial behavior before or during the mating period. Because we failed to locate foxes on only a few occasions (3% of attempts -Wright 2004) , it is clear that neither sex routinely engages in the overt wayfaring observed in other canid males (Voigt and Macdonald 1984; White and Harris 1992; White et al. 2000; Zoellick and Smith 1992) .
Home ranges of adjacent bat-eared fox pairs often overlapped substantially, and because opposite sex neighbors generally were unrelated (H. W. Y. Wright, pers. obs.), neighbors were potential extrapair mates. Despite this overlap, only 1 of 4 likely extrapair cubs (F38) had paternity definitely assigned to a neighbor, and the other 3 had no likely fathers among the males sampled. The pattern of home-range overlap suggests that paired males living adjacent to these cubs were sampled (Wright 2004) . Because paired males did not roam widely during the mating season, the cubs were likely sired by unpaired floaters. Freedom from the duties associated with pair-bond maintenance may place unpaired males (which we intermittently observed) in a better position to pursue EPCs than paired males.
Evidence from socially monogamous birds suggests that the principal motive of females seeking EPCs is to produce offspring sired by males of superior genetic quality (Dunn and Cockburn 1999; Hasselquist et al. 1996; Jennions and Petrie 2000) . Alternative benefits for females include increased genetic variability of offspring (Kempenaers et al. 1999) , decreased risk of mate infertility (Wetton and Parkin 1991) , and inbreeding avoidance (Brooker et al. 1990 ). Because mated partners were generally unrelated, we argue that it is unlikely females sought EPCs to avoid inbreeding. The uneven distribution of extrapair young between litters is consistent with females seeking males of superior quality (Goossens et al. 1998 ), but we found no significant differences in body mass, size, age, or ectoparasite loads of cuckolded versus noncuckolded males (H. W. Y. Wright, pers. obs.). The benefits females accrue by mating with extrapair partners remain uncertain.
Given that in birds a substantial fraction of socially monogamous females are likely paired with suboptimal partners (Petrie and Kempenaers 1998) , and that some benefits of EPP are unrelated to partner quality (see above), theory predicts that a significant proportion of socially monogamous females can benefit by mating with extrapair partners (Gowaty 1996) . Given this prediction and that recorded levels of EPP are higher in 3 other fox species, it is unclear why infidelity was relatively infrequent in our population. The mating behavior of socially monogamous birds is influenced by a number of factors (see below), including the relative costs and benefits for females of EPCs (Petrie and Kempenaers 1998) , the effectiveness of anticuckoldry tactics of paired males (Komdeur 2001; Trivers 1972) , and ecological constraints limiting opportunities for extrapair mating (Stanback et al. 2002; Westneat et al. 1990) .
Benefits to females.-Given low genetic variation among males, indirect benefits of having offspring sired by extrapair males is likely low (Petrie and Lipsitch 1994) . This hypothesis is consistent with data showing for a variety of birds that levels of EPP correlate with the proportion of polymorphic loci . We found that mean levels of heterozygosity were high (H 5 0.64), suggesting substantial genetic variation among males. Therefore, the lack of genetic variation among potential fathers does not provide a likely explanation for the low levels of EPP.
Costs to females.-The principal cost to socially monogamous females engaging in EPCs might be the loss of their partner's investment in offspring (Sheldon 2002; Trivers 1972) . For bat-eared foxes this potential cost is high, because male care increases cub survival (Wright 2006) . Theory predicts that males should adjust levels of parental investment if they can accurately assess paternity and if adjustment enhances future reproductive success (Grafen 1980; Maynard Smith 1977; Westneat and Sherman 1993) . In our population changes in paternal care did not affect mating opportunities because synchronous breeding makes mating and cub-rearing temporally distinct (Wright 2004) . Further, cuckolded males did not invest less in offspring care than other males (Wright 2006) .
Effectiveness of male mate guarding.-Partners from 4 focal pairs maintained high levels of proximity throughout the main mating season. One reason why this is possible is that close behavioral coordination does not interfere with foraging. Bateared foxes feed on termites that, when disturbed, retreat underground faster than they can be harvested (Lamprecht 1979; Maas 1993) . As a result, partners can forage in close proximity without incurring energetic costs. Feeding rates of the 4 focal pairs were no lower during the mating season and were not influenced by partner proximity (Wright 2004 ). Although we could not identify precisely when females were in estrus (mating was observed only once), our observations suggest that males are generally in a position to prevent partners from engaging with extrapair mates. However, mate guarding was not completely effective. On occasion, partners from each of the 4 focal pairs were apart during the mating season, and low levels of cuckoldry did occur. One of the focal males that appeared to guard his mate (M27 from pair B) suffered cuckoldry, but the 2 males whose partners were equally involved in maintaining proximity (M22 from pair A and M54 from pair D) did not.
Ecological and demographic constraints.-Avian studies (e.g., Gowaty and Bridges 1991) report that levels of EPP increase with population density and decrease with increasing breeding synchrony because highly synchronized breeding makes it difficult for males to guard their partners and seek EPCs simultaneously (e.g., Westneat et al. 1990 ; but see Stutchbury 1998). Roemer et al. (2001) suggested that high population densities could explain in part the high levels of EPP observed in island foxes. It is unlikely that low population densities explain the low levels of EPP we observed because, although bat-eared foxes live at higher densities elsewhere (Maas 1993) , home ranges of neighboring animals overlapped considerably, and foxes regularly interacted with neighbors (Kitchen et al. 2006; Wright 2004) . Similarly, breeding synchrony is unlikely to explain the low levels of EPP given that even though breeding was seasonal, a substantial proportion of males had the opportunity to guard mates for long periods and seek extrapair matings with other females (Wright 2004) .
Costs of engaging in EPCs likely vary with the ecology of species. If energetic costs of extrapair prospecting and mating are greater than potential benefits, the behavior should not be favored. Stanback et al. (2002) and Lawless et al. (1997) suggested that costs could explain the absence of EPP in Monteiro's hornbills (Tockus monteiri) and eastern screechowls (Otus asio), respectively. Examination of data on bateared fox activity budgets (Wright 2004) suggests that adults spend approximately 80% of the night foraging on termites, implying that the energetic cost of engaging in alternative activities is high. Because bat-eared foxes are vulnerable to the majority of larger terrestrial predators, extraterritorial prospecting also could increase predation risk.
We suspect that the low levels of EPP we recorded reflect diet and foraging behavior. Because males do not experience a tradeoff between foraging and mate guarding, they can stay close to their partners throughout the mating period (Komdeur 2001; Westneat 1994) . With males effectively guarding their fertile partners, the benefits of roaming also are likely to be low for both sexes. Because foraging requirements also dictate that neither sex has spare time, costs of roaming are likely to be high. Nonetheless, the potential for occasional EPCs does exist because foxes regularly interact with neighbors, a population of floating males exists, and females must occasionally escape the attention of guarding partners. Although mate fidelity also can reflect the beneficial effects of male care (Wright 2006) , in socially monogamous mammals the requirement for paternal care clearly is not necessarily associated with genetic monogamy Fietz et al. 2000) . More genetic, ecological, and behavioral data for other canids are needed to assess the importance of diet and foraging behavior on the degree of EPP.
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APPENDIX I
Primer sequences, number of alleles, heterozygosity, and null allele frequencies for the 15 microsatellites used in this study. 
